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ABSTRACT

The present study was carried out to determine the concentrations of selected heavy metals Cr,
Mn, Ni, Cu, Zn, Cd and Pb in four stations of east coast of Bay of Bengal waters. A total number of
60 samples were collected from offshore of Kakinada, Visakhapatnam, Bheemili and
Kalingapatnam at different depths ranging from 0 to 40 meters. The heavy metals were estimated
by Inductively Coupled Plasma Mass Spectrometry (ICP-MS), and statistical analysis was
performed by One way ANOVA. The order of dissolved concentrations of these metals was found
to be as follows: Zn>Ni>Pb>Mn>Cr>Cu>Cd. Metal enrichments observed close to major urban
areas of Visakhapatnam and Kakinada waters are associated with industrialized activities rich in
zinc and lead concentrations. The levels of these trace metals were found to be moderately high in
Bheemili waters and relatively low in Kalingapatnam, which signify negligible pollution at this
location. These results indicate the impact of anthropogenic inputs on distribution of these metals in
sea waters.
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1. INTRODUCTION

The coastal environment is being altered at ever-
increasing rates, due to a multitude of human
activities. It receives a vast quantity of sewage
and agricultural waste, dredge spoils, industrial
effluents and river runoff affecting the
composition and quality of coastal environment,
causing marine pollution. Several individuals and
groups carried out extensive work on chemical,
biological, physical and geological aspects of
harbour and coastal environment of Bay of
Bengal during the last few decades
[1,2,3,4,5,6,7,8]. Of these, metal pollution has
become a serious environmental and public
health hazard as the concentrations released into
the environment from industrial processes often
exceed the permissible levels. Due to their

bioaccumulative and non-biodegradable
properties, and high toxicity even in low
concentrations can produce cumulative

deleterious effects in a wide variety of aquatic
organisms [9,10].

Limited studies have been carried out on the
concentration of heavy metals in the coast of
Andhra Pradesh [11,12,13,14,15]. In view of this,
an attempt has been made to find out the
concentrations of some heavy metals in water
samples and investigate the pollution level at
different stations to determine if industrial
discharges significantly contribute to the
occurrence of these elements in these areas.
These studies help in predicting and preventing
acute damage to marine environment and also
regulate toxic waste discharges.

2. MATERIALS AND METHODS

The present study area extends off Kakinada to
Kalingapatnam. The sampling sites were chosen
based on proximity of expected anthropogenic
emission sources. Kakinada station (S I) is the
site close to the port, fertilizer plants, pulp and
paper mills, gas power plant, agricultural as well
as aquaculture farms. Visakhapatnam station (S
Il), a site close to fishing harbour and port,
industrial plants like steel, zinc, fertilizer, oil
refineries, and metal alloy. Bheemili station (S III)
is the site close to pharmaceutical industries
along with aquaculture farms. Kalingapatnam
station (S IV) a site far away from potential
emission sources was selected which is
presumably less pollutant (Table 1 and Fig. 1). A
total number of 12 water samples were collected

vertically from four stations in three transects at
depths of 10, 20 and 40 m using Niskin sampler
and each sample was analysed for five
determinants, keeping in view of the habitat of
most edible fishes. Water samples were
collected in pre cleaned, acid washed
polypropylene bottles and filtered in Millipore
filter paper (mesh size 0.45). The samples were
acidified with 2 ml nitric acid to prevent
precipitation of metals, reduce adsorption of the
analytes onto the walls of containers to avoid
microbial activity, and then stored at 4°C until the
analyses. The heavy metals were estimated by
Inductively Coupled Plasma Mass Spectrometry
(ICP-MS), available in the Centre for Bay of
Bengal Studies, Andhra University. Statistical
analysis was performed by one way ANOVA.
The data set was tested for homogeneity of
variance and for normal distributes. For all
statistical tests, probability of p<0.05 was
considered significant.

3. RESULTS AND DISCUSSION

In the present study, the order of concentration of
these metals was found to be as follows:
Zn>Ni>Pb>Mn>Cr>Cu>Cd. In this study, zinc
concentration is fluctuating from 0.09 to 31.09
(ug/l) among the stations. The highest value was
recorded at S |, Il and moderate at S Il and least
at S IV. High concentrations of zinc are usually
discharged from dry cell batteries [16], zinc
containing fertilizers and pesticides through river
runoffs. Manganese has many applications in
industry for production of ferromanganese, steel,
electrolytic manganese dioxide used in batteries,
alloys, catalysts [17]. In the present study,
manganese concentration ranged between 0.7 to
12.28 (ug/l) with highest at S Ill, moderate at S I,
S | and least at S IV. Lead is generally a toxic
and harmful pollutant and reaches the marine
environment by human activities like mining,
manufacturing, burning of fossil fuels, exhaust of
vehicles run with leaded fuels through rain and
wind dust [18]. Lead concentration ranges from
6.59 to 16.20 (ug/l) among the stations with high
concentrations in S | moderate at S Il, S Ill and
low at S IV.

Nickel values range from 1.32 to 28.67 (ug/l)
recorded highest at S I, moderate at S II, S Il
and least at S IV. Nickel is naturally found in all
soils and is emitted from volcanoes. It is used as
an alloy in the steel industry, electroplatings,
Ni/Cd batteries, arc-welding, rods, pigments for
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Table 1. Details of sampling stations

Transect Depth (m)
Latitude Longitude
Kakinada (S I) 10 17°04'04.88"N 82°29'56.25"E
20 16°59'08.97"N 82°56'42.85"E
40 16°41'55.49"N 83°17'51.66"E
Visakhapatnam (S II) 10 17°37'38.83"N 83°171717"E
20 17°37'35.75"N 83°19'19.58"E
40 17°33'27.35"N 83°23'52.80"E
Bheemili (S 1) 10 17°52'04.70"N 83°24'45.64"E
20 17°51'30.82"N 83°50'05.41"E
40 17°51'49.63"N 83°40'50.72"E
Kalingapatnam (S 1V) 10 18°10'48.23"N 84°17'52.00"E
20 18°11'05.71"N 84°04'47.83"E
40 18°12'36.84"N 84°31'20.36"E

20°N

15°N

80°E

Fig. 1. Map showing sampling stations

paints and ceramics, surgical and dental
prosthesis, molds for ceramic and glass
containers, computer components, and catalysts
[19,20,21]. Chromium concentrations are more
or less similar at all stations ranging from 6.27 to
8.39 (ug/l) with highest concentrations at S Il and
least at S IV. It is discharged from industrial and
domestic wastes of various synthetic materials
[22]. Though copper is an essential element of
living organisms, it is toxic to aquatic life if
present at relatively high concentrations [23,24].
It is widely used in wire production, electrical

85°E

Ocean Data View

90°E

industry, water delivery system, copper fertilizers
and kitchen ware. In this study, values range

from 1.65 to 4.4 (ug/l), recorded high at S |
moderate at S I, S IV and least at S Ill.
Cadmium is usually found as a mineral with other
elements in soils and rocks, including coal, used
for batteries, pigments, metal coatings and
plastics [25]. In present study, Cadmium
concentrations were found high at S 1V,
moderately low at S I, S lll and least at S Il
ranging between 0.39 to 4.45 (ug/l) (Table 2 and
Graph 1).
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In the past, relatively lower values of Fe, Cu, Mn,
Zn and Hg were reported in stations north of
Visakhapatnam [11]. In due course of time, the
appraisal of industries paved a way to
physicochemical dynamics in near shore and
offshore coastal waters. This was supported by
studies on distribution of trace metals in both
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dissolved and particulate phases of surface and
bottom waters of Visakhapatnam harbour
[12,13]. They reported that dissolved and
particulate trace metals in Visakhapatnam
harbour waters were higher when compared to
the adjacent coastal waters.
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Graph 1. Graphical distributions of some heavy metal concentrations at Kakinada, (S 1),
Visakhapatnam (SllI), Bheemili (S lll) and Kalingapatnam (S IV) coasts
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Table 2. Spatial distribution of some heavy metal concentrations at Kakinada, Visakhapatnam, Bheemili and Kalingapatnam coasts

Transect Depth Parameter
Cr (ugll) Mn (ug/l) Ni (pg/l) Cu (ugfl) Zn (pg/l) Cd (ugfl) Pb (ug/l)
Kakinada (S 1) 10 6.8+0.88 2.5+0.79 24.2+0.74 3.1£0.99 28.2+0.77 0.28+0.58 14.111£0.64
20 8.31+0.77 3.06+0.24 28.67+0.71 4.4+0.48 31.09+0.28 0.39+0.31 16.20£0.62
40 7.4+0.64 2.8+ 0.82 26.11+£0.94 3.8+0.87 30.12+0.54 0.24+0.77 15.14+0.78
Visakhapatnam 10 7.32194 3.89+0.79 10.53+0.88 3.41+0.92 2417497 0.1+0.9 6.7+0.91
(S 20 8.39+0.57 4.67+0.72 11.3+£0.36 3.92+0.66 30.2410.28 0.12+0.17 7.67+0.51
40 7.9+0.85 4.2+0.76 11.2+0.83 2.98+0.87 29.11+0.91 0.14+0.71 5.8+0.82
Bheemili (S III) 10 7.2+0.8 10.5+£0.91 8.4+0.72 0.87+0.88 5.24+0.79 1.2410.74 5.42+0.86
20 8.04+0.26 12.28+0.53 9.4+0.77 1.65+0.56 6.72+0.64 1.81£0.38 6.59+0.87
40 6.8+0.99 11.34+0.69 9.1+0.87 1.2+0.94 5.9+ 0.76 1.7+0.88 6.21+0.73
Kalingapatnam (S 1V) 10 3+0.9 0.64+0.29 1.21£0.81 4.1+0.94 0.05+0.71 3.24+0.84 5.310.24
20 6.27+0.9 0.71£0.22 1.3210.85 5.72+0.57 0.09+0.11 4.45%0.45 6.98+0.63
40 6.12+0.52 0.72+0.63 1.1+£0.54 4.82+0.39 0.65+0.88 4.21+0.92 5.9+0.87
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Similar to our studies, the same observations
were made concerning different stations of Bay
of Bengal at China Veeranampatnam [6,26].
Relatively high values of Cu, Zn, Cd were
documented in the waters off Nagapattinam (5).
The present results also corroborate with the
values of Mn and Cd [27], but the values of Cr,
Ni, Pb and Zn are very low than the results
recorded at present. The sea water was strongly
polluted by Mn and less with Pb and Cd [28].
Increased Cd values and relatively low values of
Cr, Mn, Cu, Ni and Zn were recorded indicating
negligible pollution at sea waters of south
western Bay of Bengal [29]. However, low
concentrations of Pb and Cd were determined
than the acceptable levels in coastal sea waters
at Myanmar [30]. Similar low values of Mn, Cd,
Pb, Cu, Ni and Zn reported in waters of Bay of
Bengal from Chennai to Nagapattinam [31].

In all the transects the heavy metal
concentrations were recorded high at 20 m depth
compared to 10 and 40 m. The overall
percentage of metal distribution observed in the
present study is highest i.e., 40% at S I, 29% at
S Il, 20% at S lll and 11% at S IV. In stations S
IV and S Il all the observations were more or
less within the threshold limits for sea water from
WHO. But the values are exceptionally high at S
I and S Il exceeding the permissible limits where
the waters are highly influenced by
anthropogenic inputs.

4. CONCLUSION

The elevated levels of these heavy metals are
apparently indicative of sea water pollution by
toxicants, leading to bioaccumulation in aquatic
organisms, which may surpass to humans
causing diseases and deficiencies. Hence
intensive studies to control and maintain the sea
water parameters for sustainability of the
valuable aquatic resources are in need.
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